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,QWURGXFWLRQ
7KH XVHG YHJHWDEOH RLO KDV EHHQ FODVVLILHG DV ZDVWH ZKLOH LWV SRWHQWLDO DV D OLTXLG IXHO WKURXJK SK\VLFDO DQG
FKHPLFDO FRQYHUVLRQ UHPDLQV KLJKO\ LQWHUHVWLQJ ,W LV LQFUHDVLQJO\ DWWUDFWLQJ PXFK LQWHUHVW EHFDXVH RI LWV JUHDW
SRWHQWLDO WR EH XVHG DV GLHVHO VXEVWLWXWH NQRZQ DV ELRGLHVHO 'LUHFW V\QWKHVLV YLD WUDQVHVWHULILFDWLRQ UHDFWLRQ RI
YHJHWDEOH RLOV ZLOO \LHOG ELRGLHVHO $Q DGYDQWDJH RI WKHVH IXHOV LV IHZHU HPLVVLRQV ([SHULHQFH KDV VKRZQ WKDW
YHJHWDEOHRLOEDVHGIXHOVFDQVLJQLILFDQWO\UHGXFHH[KDXVWJDVHPLVVLRQV LQFOXGLQJFDUERQPRQR[LGH&2FDUERQ
GLR[LGH&2DQGSDUWLFXODWHPDWWHU30>@5HHGHWDOWHVWHGELRGLHVHOSURGXFHGIURP:DVWH)ULHG2LO:)2
LQD'HQYHUSXEOLFEXV>@7KHHQJLQHRXWSXWSRZHUXVLQJELRGLHVHOZDVFRPSDUDEOHWRWKDWRIGLHVHO7KHVPRNH
RSDFLW\ ZDV UHGXFHG E\ XVLQJ ELRGLHVHO:)2ZKLFK LV RWKHUZLVHZDVWHG LV DQ HFRQRPLFDO FKRLFH IRU SURGXFLQJ
ELRGLHVHO2LOIHHGVWRFNLVWKHPDMRUFRVWLQYROYHGLQSURGXFWLRQRIELRGLHVHOZKLFKLVDFFRXQWLQJRYHURIWKH
WRWDOFRVW>@7KHSURVSHFWRI:)2EDVHGIXHOSURGXFWLRQLVYHU\DWWUDFWLYHIRUHQHUJ\FRQYHUVLRQLQDGHYHORSLQJ
FRXQWU\ OLNH ,QGLD&RVW RI FRQYHUVLRQRI ELRGLHVHO IURP:)2 LV5V SHU OLWUH DV DJDLQVW VXEVLGL]HGPDUNHW
SULFH RI GLHVHO DSSUR[LPDWHO\5V SHU OLWUH >@ &RPEXVWLRQ SURFHVV LQ GLHVHO HQJLQH LV ODUJHO\ GHSHQGV RQ WKH
FRPELQHGHIIHFWELRGLHVHOEOHQGDQGEUDNHORDG+HQFHPXOWLYDULDWHVWXG\FRXOGSURYLGHDFOHDUNQRZOHGJHRQWKH
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7DEOH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YDOXHLQGLFDWHVWKH WRWDOYDULDELOLW\RIWKHUHVSRQVHDIWHUFRQVLGHULQJ WKHVLJQLILFDQW IDFWRUV7KH$GMXVWHG5YDOXH
DFFRXQWVIRUWKHQXPEHURISUHGLFWRUVLQWKHPRGHO%RWKWKHYDOXHVLQGLFDWHWKDWWKHPRGHOILWVWKHGDWDYHU\ZHOO
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,QWHUDFWLYHHIIHFWRI:)20(EOHQGVDQGORDGV
7KHWKUHHGLPHQVLRQDOUHVSRQVHVXUIDFHSORWRILQWHUDFWLRQEHWZHHQ:)20(EOHQGVDQGORDGVRQ%7(LVVKRZQ
LQILJXUH,WLVREVHUYHGWKDWWKH%7(RIGLHVHOHQJLQHLQFUHDVHVZLWKWKHLQFUHDVHRIORDG0D[LPXPEUDNHWKHUPDO
HIILFLHQF\  ZDV IRXQG WR EH DW ORZHU SHUFHQWDJH RI ELRGLHVHO EOHQG % DW  N: RI ORDG FRPSDUHG WR
 IURP % DW VDPH ORDGLQJ FRQGLWLRQV 2[\JHQ SUHVHQW LQ WKH IXHO PROHFXOHV LPSURYHV WKH FRPEXVWLRQ
FKDUDFWHULVWLFVEXWKLJKHUYLVFRVLW\DQGSRRUYRODWLOLW\RI:)20(OHDGVWRWKHLUSRRUDWRPL]DWLRQDQGFRPEXVWLRQ
FKDUDFWHULVWLFV7KHVHUHVXOWVLQORZHU%7(IRUKLJKHUEOHQGFRQFHQWUDWLRQVFRPSDUHGWRWKDWRIPLQHUDOGLHVHO,WZDV
REVHUYHGIURP560DQDO\VLVWKDWWKH%7(RIFRXOGEHDFKLHYHGIURP%EOHQGDWEUDNHORDGRIN:

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)LJ%7(YDULDWLRQVDJDLQVW:)20(EOHQGDQGEUDNHORDG

)LJXUH  VKRZV WKH 560 SORW RI YDULDWLRQ RI %6)& IRU YDULRXV EOHQGV DQG ORDGV 7KH PLQLPXP %6)& ZDV
REVHUYHGDWUDWHGSRZHURXWSXWIRUDOOIXHOV%6)&IRXQGWREHLQFUHDVHGZLWKKLJKHUSURSRUWLRQRI:)20(LQWKH
EOHQGFRPSDUHGWRGLHVHOIRUDOOORDGV7KHPLQLPXP%6)&LQNJN:KZDVDQGIRU%%
% DQG% UHVSHFWLYHO\ DW UDWHG ORDGLQJ FRQGLWLRQ /RZHU FDORULILF YDOXH RI:)20( FRXOG KDYH UHVXOWHG LQ
LQFUHDVHG%6)&RI:)20(,WZDVIRXQGIURP560DQDO\VLVWKH%6)&RINJN:KFRXOGEHDFKLHYHGIURP
%EOHQGDWEUDNHORDGRIN:

)LJ%6)&YDULDWLRQVDJDLQVW:)20(EOHQGDQGEUDNHORDG
7KH 560 SORW RI YDULDWLRQ RI (*7 IRU YDULRXV EOHQGV DQG ORDGV LV VKRZQ LQ ILJXUH  $V:)20( FRQWDLQV
FRQVWLWXWHVRISRRUYRODWLOLW\ZKLFK LVEXUQLQJGXULQJ WKH ODWHFRPEXVWLRQSKDVH+LJKHUGHQVLW\KLJKHUYLVFRVLW\
DQG SRRU YRODWLOLW\ ZRXOG KDYH UHVXOWHG LQ KLJKHU (*7 XVLQJ :)20( FRPSDUHG WR WKDW RI PLQHUDO GLHVHO $W
PD[LPXPORDGN:WKHH[KDXVWJDVWHPSHUDWXUHVREVHUYHGZHUHR&R&R&DQGR&IRU%%
% DQG % UHVSHFWLYHO\ 560 DQDO\VLV LQGLFDWHG PLQLPXP (*7 RI R& DW EUDNH ORDG RI  N: IURP
:)20(EOHQGRI%
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)LJ(*7YDULDWLRQVDJDLQVW:)20(EOHQGDQGEUDNHORDG
7KHPDMRUSROOXWDQWDSSHDULQJLQWKHH[KDXVWRIDGLHVHOHQJLQHLVVPRNH7KHWKUHHGLPHQVLRQDOUHVSRQVHVXUIDFH
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WKH23RIWKHH[KDXVWJDVLQFUHDVHVZLWKLQFUHDVHLQORDGIRUDOOWKHEOHQGV,WDOVRVKRZVWKDWWKH23LQFUHDVHVZLWK
WKH FRQFHQWUDWLRQ RI:)20( LQ WKH EOHQGV 7KLV FRXOG EH PDLQO\ GXH WR WKH SRRU DWRPL]DWLRQ DQG FRPEXVWLRQ
EHFDXVHRIWKHKLJKHUYLVFRVLW\RIWKHEOHQGV7KH23IRUGLHVHOVKRZHGDVLPLODUWUHQGDVWKDWRIWKHEOHQGVKRZHYHU
WKHHPLVVLRQOHYHOVDUHFRPSDUDWLYHO\ORZHUDWDOOORDGV6PRNHRSDFLW\RI+68ZDVSUHGLFWHGIURP%DWEUDNH
ORDGRIN:

)LJ6PRNH2SDFLW\YDULDWLRQVDJDLQVW:)20(EOHQGDQGEUDNHORDG
2SWLPL]DWLRQ
7KH'HVLJQ([SHUW6RIWZDUHVHDUFKHV IRUDFRPELQDWLRQRI IDFWRUV WKDW VLPXOWDQHRXVO\ VDWLVI\ WKHUHTXLUHPHQWV
SODFHGRQHDFKRIWKHUHVSRQVHDQGIDFWRUV7KHFULWHULDIRUWKHRSWLPL]DWLRQVXFKDVWKHJRDOVHWIRUHDFKUHVSRQVH
ORZHU DQG XSSHU OLPLWV XVHGZHLJKWV XVHG DQG LPSRUWDQFHRI WKH IDFWRUV DUHSUHVHQWHG LQ7DEOH ,QGHVLUDELOLW\
EDVHGDSSURDFKGLIIHUHQWEHVWVROXWLRQVZHUHREWDLQHG7KHVROXWLRQZLWKKLJKGHVLUDELOLW\ LVSUHIHUUHG0D[LPXP
GHVLUDELOLW\RIZDVREWDLQHGDWWKHIROORZLQJLQSXWV\VWHPSDUDPHWHUVOLNHRI:)20(EOHQG%DQG
N:RIEUDNH ORDGZKLFKFRXOGEHFRQVLGHUHGDV WKHRSWLPXPSDUDPHWHUV IRU WKH WHVW HQJLQHKDYLQJ+3DV
UDWHG SRZHU DW  USP7KH SUHGLFWHG UHVSRQVHV IRU RSWLPDO LQSXW SDUDPHWHUV REWDLQHGZHUH RI%7(
NJN:KRI%6)&&RI(*7ZLWKVPRNHRSDFLW\RI+68

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9DOLGDWLRQRIRSWLPL]DWLRQUHVXOWV
,QRUGHUWRYDOLGDWHWKHRSWLPL]HGUHVXOWV WKHH[SHULPHQWVZHUHSHUIRUPHGWKULFHDW WKHRSWLPDO:)20(EOHQG
DQG EUDNH ORDG )RU WKH DFWXDO UHVSRQVHV WKH DYHUDJH RI WKUHHPHDVXUHG UHVXOWV ZDV FDOFXODWHG 6XPPDU\ RI WKH
SUHGLFWHGYDOXHVWKHDYHUDJHRIH[SHULPHQWDOO\FDOFXODWHGYDOXHVDQGSHUFHQWDJHRIHUURULVSUHVHQWHGLQ7DEOH,W
ZDVREVHUYHGWKDWWKHSHUFHQWDJHHUURULQSUHGLFWLRQRIGHYHORSHGPRGHOVZHUHLQJRRGDJUHHPHQW7KHSHUFHQWDJH
HUURU RI SUHGLFWHG YDOXHV RI %7( %6)& (*7 DQG 23 ZHUH    DQG  UHVSHFWLYHO\ 7KH
YDOLGDWLRQRIUHVXOWVLQGLFDWHGWKDWWKHPRGHOVGHYHORSHGZHUHTXLWHDFFXUDWHDVWKHSHUFHQWDJHRIHUURULQSUHGLFWLRQ
ZDVLQDJRRGDJUHHPHQW
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